(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

23.10.2002 Bulletin 2002/43 

(21) Application number 02290947.7 

(22) Date of filing: 16.04.2002 



(11) EP 1 251 507 A2 

EUROPEAN PATENT APPLICATION 

(51) Int c\7: G11 B 20/1 0, G1 1 B 5/09 



(84) Designated Contracting States: 


• Yuji, Gendai, c/o Sony Corporation 


AT BE CH CY DE DK ES Fi FR GB GR IE IT U LU 


Slilnagawa-lcu, Tokyo (JP) 


MC NLPTSETR 


• Kimlmasa, Senba, c/o Sony Corporation 


Designated Extension States: 


Shlnagawa-ku, Tokyo (JP) 


AL LT LV MK RO Si 


• Nobuyoshi, Kobayashi, c/o Sony Corporation 




Shinagawa-ku, Tokyo (JP) 


(30) Priority: 17.04.2001 JP 2001117967 






(74) Representative: Thevenet, Jean-Bruno et ai 


(71) Applicant: SONY CORPORATION 


Cabinet Beau de Lx>menie 


Tokyo (JP) 


158, rue de i'Universite 




75340 Paria Cedex 07 (FR) 


(72) Inventors: 




• Norio, Shoji, c/o Sony Corporation 




Shinagawa-lcu, Tokyo (JP) 





(54) Asynnmetry correcting circuit and information reproducing apparatus using the same 



(57) To provide an asymmetry correcting circuit ca- 
pable of canceling an asymmetry simultaneously with 
quantization in an ADC (7) and utilizing the dynamic 
range of the ADC effectively, and also to provide an in- 
fomiation reproducing apparatus using such a correct- 
ing circuit. An asymmetry correcting circuit includes a 
first envelope detec^on circuit (61 ) for detecting the en- 
velope of a positive peak of an input signal waveform; 
a second envelope detection circuit (62) for detecting 
the envelope of a negative peak of the input signal wave- 
forni; an adding circuit (63) for producing a sum voltage 



of the positive peak voltage and the negative peak volt- 
age; a multiplying circuit (65) for multiplying the 
smoothed sum voltage by a predetermined offset ad- 
justment coefficient; and a quantization reference volt- 
age control circuit (66) for DC-wise shifting, in response 
to the output signal of the multiplying circuit (65), the 
median of the quantization reference voltage of the ADC 
(7) in confonnity with the offset derived from the asym- 
metry of the input signal, and controlling the upper limit 
and the lower limit of the quantization reference voltage 
to the values that correspond to the offset quantity. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 1 The present invention relates to an asymmetry s 
correcting circuit adapted for correction of a vertically 
asymmetric distortion (asymmetry) of a read wavefomn 
generated in a read mode in a digital recording/repro- 
ducing apparatus such as an optical 6'\sk apparatus or 
the lilce, and also to a recording/reproducing apparatus io 
using such an asymmetry correcting circuit. 
[0002] In the conventional hard disic devices (HDD) 
and the like known heretofore, a variety of methods have 
been contrived for con-ecting a nonlinear distortion of a 
read amplifier connected to a magnetoresistance (MR) is 
type head, and such methods are classified broadly into 
the following three. 

[0003] The first is a method of canceling the distortion 
of a read signal by detecting an asymmetry quantity from 
analog or sampling data, and then feeding back the de- 20 
tected quantity to a bias current of the MR element. 
[0004] The second is a method of correcting the dis- 
tortion by subtracting the secondary component of the 
analog signal. The quantity to be corrected is adjusted 
by detecting the distortion quantity and fonning a nega- 
tive feedback loop. 

[0005] The third is a method carried out by detecting 
the distortion of sampling data and canceling the distor- 
tion through digital operation, in this case, there are re- 
quired a correction quantity detectton circuit and a neg- 30 
ative feedback loop. 

[0006] Generation of such asymmetry in an optk^l 
disk apparatus is derived from a phenomenon that the 
length and the width of optical pits recorded on the sur- 
face of an optical disk are deviated from reference val- ^ 
ues by, for example, some variation in the optical power 
of a laser beam splitter In a recording mode. 
[0007] In another case where signals are recorded on 
a single optical disk by a plurality of different recording 
apparatus, the dimensions of pits recorded on the opti- 
cal disk are changed, with regard to the same data, due 
to variations in the performance of the individual record- 
ing apparatus, so that when the disk is played continu- 
ously, the amplitudes of the reproduced signals are var- 
ied to consequently generate some asymmetry in the 
reproduced signals. 

[0008] Thus, In the case of an optical disk, nonlinear 
distortion is generated by variation in a writing power 
and the medium is replaceable, so that the distortion 
quantity is changed in each sector (segment) even on so 
the same disk, whereby it is rendered necessary to ab- 
sorb such variation in a short time within the period of a 
VFO (training pattem). 

[0009] For correction of such asymmetry in an optk^al 
disk apparatus, adopting any of the first to third methods ss 
mentioned above is considered undesirable due to the 
following reasons. 

[001 0] The first method is restricted merely to an MR 



read amplifier, and it is not usable in case the factors of 
generating a distortion are different as in an optical disk. 
[0011] In the second method, a circuit for con-ec^ion 
of the signal is required, and there exists a possibility 
that some distortion and noise are additionally generat- 
ed by such a connecting circuit. 
[0012] Regarding a method for correction of a sec- 
ondary distortion, an example of subtracting the square 
component of the signal from its original signal is dis- 
closed in Japanese Patent Laid-open No. Hei 9-1 34501 . 
[0013] in this method, however, there is known a dis- 
advantage that a tertiary distortion is worsened. Since 
the DC (direct current) offset of the output signal is var- 
ied by the action of the circuit, there arises another prob- 
lem, when a fast action is needed, with respect to the 
offset absorption time in an AC (attemating current) cou- 
pler provided in the following stage. 
[001 4] In the third method that feeds back the con-ec- 
tion quantity through a digital operation after quantiza- 
tion, the gain is limited due to generation of a long loop 
delay, whereby it is rendered Impossible to establish the 
conrectlon quantity in a short time. 
[001 5] As for the correction method including a digital 
operation, it is a premise that a PLL (phase-locked loop) 
is locked to the Input signal. Therefore, in case the input 
signal has a great asymmetry or offset, there exists a 
possibility that the PLL fails to be locked and conse- 
quently the loop breaks down. 
[0016] Another method is proposed, for example, In 
Japanese Patent Laid-open No. Hei 8-83403, wherein 
the median VRC of the quantization reference voltage 
of an analog-to-dlgital converter (hereinafter referred to 
as ADC) is changed, in confomiity with the asymmetry 
of the input signal, to the upper limit VRT and the lower 
limit VRB of the quantization reference voltage, hence 
changing the quantization resolutions on the upper and 
lower sides to eventually cancel the vertbal asymmetry 
of the input signal. 

[0017] However, the DVR (Digital Video Recorder) 
system has data of two values on each of the upper and 
lower sides (four values of ±1 and ±2 in total), wherein 
the ±1 levels are not changed substantially by the asym- 
metry while the ±2 levels are affected much. 
[0018] Consequently, it is impossible by the above 
method to realize effective elimination of the asymmetry 
by changing only the median VRC of the quantization 
reference voltage. 

[0019] Further, since the maximum amplitude of the 
signal is increased by the asymmetry, there may occur 
a phenomenon that the amplitude is raised out of the 
dynamic range of the ADC. 

SUMMARY OF THE INVENTION 

[0020] The present invention has been accomplished 
in view of the drcunnstances described above. And an 
object of the invention is to provide an Improved asym- 
metry correcting circuit and an Information reproducing 



2 



3 



EP 1 251 507 A2 



4 



apparatus using such a correcting circuit, wherein, when 
a read signal Is processed in a digital recording/repro- 
ducing apparatus, the quantization reference level of an 
ADC for converting the input signal into a digital signal 
can be changed asymmetrically In accordance with the 5 
vertically asymmetric quantity (asymmetry) of the input 
waveform, and the asymmetry can be canceled out si- 
multaneously with the quantization, and further the dy- 
namic range of the ADC can be utilized effectively. 
[0021 ] According to the first aspect of the present in- io 
vention, there is provided an asymmetry connecting cir- 
cuit for connecting a vertically asymmetric distortion of 
an input signal waveform In an analog-to-digital convert- 
er which quantizes the input signal wavefomn in accord- 
ance with a quantization reference voltage and converts is 
the quantized wavefomn into a digital signal of predeter- 
mined bits, the asymmetry correcting circuit including: 

a first envelope detection circuit for detecting the 
envelope of a positive peak of the input signal wave- 20 
form; 

a second envelope detection circuit for detecting 
the envelope of a negative peak of the Input signal 
waveform; 

an adding circuit for outputting a sum voltage of the 
positive peak voltage obtained from the first enve- 
lope detection circuit and the negative peak voltage 
obtained from the second envelope detection cir- 
cuit; 

a multiplying circuit for multiplying the sum voltage, 30 
which is outputted from the adding circuit, by a pre- 
determined offset adjustment coefficient; and 
a quantization reference voltage control circuit for 
shifting, In response to the output signal of the mul- 
tiplying circuit, the median of the quantization refer- 35 
ence voltage of the analog-to-digital converter DC- 
wise In confonnrty with the offset derived from the 
asymmetry of the Input signal, and controlling the 
upper limit and the lower limit of the quantization 
reference voltage to the values that con-espond to ^ 
the offset quantity. 

[0022] According to the second aspect of the present 
invention, there is provided an asymmetry connecting cir- 
cuit for con-ecting a vertically asymmetric distortion of 45 
an input signal wavefomi In an analog-to-digital convert- 
er which quantizes the input signal wavefomn in accord- 
ance with a quantization reference voltage and converts 
the quantized waveform into a digital signal of predeter- 
mined bits, the asymmetry con-ecting circuit including: so 

a first envelope detection circuit for detecting the 
envelope of a positive peak of the Input signal wave- 
form; 

a second envelope detection circuit for detecting 55 
the envelope of a negative peak of the input signal 
waveform; 

an adding circuit for outputting a sum voltage of the 



positive peak voltage obtained from the first enve- 
lope detection circuit and the negative peak voltage 
obtained from the second envelope detection cir- 
cuit; 

a smoothing circuit for smoothing the sum voltage 
obtained from the adding circuit; 
a multiplying circuit for multiplying the smoothed 
sum voltage, which is obtained from the smoothing 
circuit, by a predetemnined offset adjustment coef- 
ficient; and 

a quantization reference voltage control circuit for 
shifting, in response to the output signal of the mul- 
tiplying circuit, the median of the quantization refer- 
ence voltage of the analog-to-digital converter DC- 
wise in confomnity with the offset derived from the 
asymmetry of the input signal, and controlling the 
upper limit and the lower limit of the quantization 
reference voltage to the values that correspond to 
the offset quantity. 

[0023] According to the third aspect of the present in- 
vention, there is provided an information reproducing 
apparatus for reproducing, as digital data, infomnation 
recorded optk:ally on an optical recording medium, in- 
cluding: 

an opttoal reading means for optically reading, from 
the optical recording medium, a signal correspond- 
ing to the recorded information; 
an analog-to-digital converter for quantizing the 
read signal wavefonm, which is obtained from the 
optical reading means, In accordance with a quan- 
tization reference voltage whose at least upper and 
lower limits are settable to desired values, and con- 
verting the quantized waveform Into a digital signal 
of predetemnined bits; and 
an asymmetry correcting circuit including: 

a first envelope detection circuit for detecting 
the envelope of a positive peak of the read sig- 
nal wavefomi; 

a second envelope detection circuit for detect- 
ing the envelope of a negative peak of the read 
signal waveform; 

an adding circuit for outputting a sum voltage 
of the positive peak voltage obtained from the 
first envelope detection circuit and the negative 
. peak voltage obtained from the second enve- 
lope detection circuit; 

a multiplying circuit for multiplying the sum volt- 
age, which is outputted from the adding circuit, 
by a predetermined offset adjustment coeffi- 
cient; and 

a quantization reference voltage control circuit 
for shifting, in response to the output signal of 
the multiplying circuit, the median of the quan- 
tization reference voltage of the analog-to-dig- 
Ital converter DC-wise in confonmity with the off- 



3 



5 



EP 1 251 507 A2 



6 



set derived from the asymmetry of the read sig- 
nal, and controlling the upper limit and the lower 
limit of the quantization reference voltage to the 
values that correspond to the offset quantity; 

wherein the asymmetry correcting circuit is capa- 
ble of correcting a vertically asymmetric distortion of the 
read signal waveform in the analog-to-digital converter. 
[0024] According to the fourth aspect of the present 
invention, there is provided an information reproducing 
apparatus for reproducing, as digital data, information 
recorded optically on an optical recording medium, in- 
cluding: 

an optical reading means for optically reading, from 
the optical recording medium, a signal correspond- 
ing to the recorded infonnation; 
an analog-to-digital converter for quantizing the 
read signal waveform, which is obtained from the 
optical reading means, in accordance with a quan- 
tization reference voltage whose at least upper and 
lower limits are settable to desired values, and con- 
verting the quantized waveform into a digital signal 
of predetermined bits; and 
an asymmetry conrecting circuit including: 

a first envelope detection circuit for detecting 
the envelope of a positive peak of the read sig- 
nal waveform; 

a second envelope detection circuit for detect- 
ing the envelope of a negative peak of the read 
signal waveform; 

an adding circuit for outputting a sum voltage 
of the positive peak voltage obtained from the 
first envelope detectton circuit and the negative 
peak voltage obtained from the second enve- 
lope detection circuit; 

a smoothing circuit for smoothing the sum volt- 
age obtained from the adding circuit; 
a multiplying circuit for multiplying the 
smoothed sum voltage, which is outputted from 
the smoothing circuit, by a predetermined offset 
adjustment coefficient; and 
a quantization reference voltage control circuit 
for shifting, in response to the output signal of 
the multiplying circuit, the median of the quan- 
tization reference voltage of the analog-to-dig- 
ital converter DC-wise in conformity with the off- 
set derived from the asymmetry of the read sig- 
nal, and conti'olling the upper limit and the lower 
limit of the qusintizatlon reference voltage to the 
values that correspond to the offset quantity; 

wherein the asymmetry correcting circuit is capa- 
ble of correcting a vertically asymmetric distortion of the 
read signal waveform in the analog-to-digital converter. 
[0025] According to the present invention, the read 
signal outputted from the optical read means is proc- 



essed by the AC connection means so that the DC com- 
ponent of the signal is removed, and then the read signal 
is supplied to the asymmetry connecting circuit and the 
ADC. 

5 [0026] The read signal thus supplied to the asymme- 
try connecting circuit is inputted to the first and second 
envelope detection circuits. 

[0027] In the first envelope detection circuit, there is 
detected the envelope of the positive peak of the read 
10 signal waveform where the DC component has been re- 
moved, and then the detected envelope Is outputted to 
ttie adding circuit. 

[0028] Meanwhile in the second envelope detection 
circuit, there Is detected the envelope of the negative 
peak of the read signal waveform where the DC com- 
ponent has been removed, and then the detected enve- 
lope is outputted to the adding circuit. 
[0029] Subsequently in the adding circuit, a sum volt- 
age is produced by adding the positive peak voltage ob- 
tained from the first envelope detection circuit and the 
negative peak voltage obtained from the second enve- 
lope detection circuit, and the sum voltage is outputted 
to the smoothing circuit. 

[0030] Thereafter in the smoothing circuit, the sum 
voltage obtained from the adding circuit is smoothed 
and then is outputted to the multiplying circuit. 
[0031 ] Here, to cancel the asynvnetric distortion of the 
signal and also to render the PLL circuit lockabte for ex- 
ample, a process is executed for attaining a coincidence 
between the original zero crossing point of the Input sig- 
nal (read signal) and the zero reference voltage VRC of 
ttie ADC. 

[0032] More specifically, the output signal of the 
smoothing circuit Is multiplied by a desired coefficient in 
the multiplying circuit, and the result Is supplied to the 
quantization reference voltage control circuit. 
[0033] Then, in the quantization reference voltage 
conti-ol circuit supplied with the signal multiplied by the 
coefficient, the output signal of the multiplying circuit is 
subtracted from tiie bias voltage of the ADC, whereby 
the zero reference voltage VRC of the ADC Is adjusted. 
[0034] Feedback is applied in such a manner that, for 
example, the zero reference voltage VRC coincides with 
the bias voltage V of the ADC, and the offset is adjusted 
by the first adjusting circuit. 

[0035] Meanwhile in the second adjusting circuit, the 
output signal of the multiplying circuit is multiplied by a 
coefficient ASYMGT conforming with the correlation be- 
tween tiie offset quantity of the read signal (Input signal) 
and the asymmetric distortion quantity thereof, whereby 
a first adjustment quantity is produced, then the upper 
limit VRT of the quantization reference voltage is adjust- 
ed on the basis of the first adjustment quantity, and the 
adjusted upper limit VRT is supplied to the ADC. 
[0036] And In the third adjusting circuit, the output sig- 
nal of the multiplying circuit is multiplied by a coefficient 
ASYMGB conforming with the correlation between the 
offset quantity of the read signal (input signal) and the 
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asymmetric distortion quantity thereof, whereby a sec- 
ond adjustment quantity is produced, then the lower limit 
VRB of the quantization reference voltage Is adjusted 
on the basis of the second adjustment quantity, and the 
adjusted lower limit VRB is supplied to the ADC. 
[0037] In the ADC where the bias voltage is applied, 
the input signal Is quantized in accordance with the 
quantization reference voltage supplied from the quan- 
tization reference voltage generating circuit in the asym- 
metry correcting circuit, then the signal is converted into 
digital data of predetennined bits, and the digital data is 
outputted to the data processing circuit. 
[0038] In the data processing circuit, a predetermined 
process of equalization is executed by, e.g., an equal- 
izer with regard to the digital data obtained from the 
ADC, and then the data after such equalization is de- 
coded by a Vrterbi decoder. 

[0039] Also in the data processing circuit, after the 
PLL circuit Is phase-locked for example, the offset en^or 
and the asymmetry enror relative to a desired expected 
value are detected on the basis of the digital data, and 
correction signals for canceling out such errors are fed 
back, so that the offset and the asymmetry of the Input 
signal are corrected with high precision. 
[0040] Thus, the ADC is employed to digitize the input 
signal when processing the read signal in the reproduc- 
ing apparatus, wherein the quantization reference level 
of the ADC is changed asymmetrically In accordance 
with the vertically asymmetric distortion (hereinafter re- 
ferred to as asymmetry) of the Input waveform. Conse- 
quently, the asymmetry can be canceled simultaneously 
with the quantization, and the dynamb range of the ADC 
can be utilized effectively. 

[0041] In other words, the asymmetry correcting cir- 
cuit of the present invention is characterized by extrac- 
tion of the correction quantity from the input analog sig- 
nal of the ADC through processing the analog signal, 
and also by feed-forward of the extracted control quan- 
tity to the quantization reference value of the ADC, 
hence realizing a fast action of the correcting circuit and 
exact correction of the asymmetry without the necessity 
of locking the PLL. 

[0042] Moreover, the upper limit VRT and the lower 
limit VRB of the quantization reference voltage of the 
ADC are controlled independently of each other with re- 
spect to ±1 data reference values after sampling (e.g., 
±8 LSB of a 6-bit ADC in a DVR system), thereby attain- 
ing effective elimination of the asymmetry in the DVR 
system. 

[0043] The above and other objects, features and ad- 
vantages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings In 
whk;h like parts or elements denoted by like reference 
symbols. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0044] 

5 Fig. 1 Is a block diagram showing an embodiment 
of an optical disk apparatus which represents a re- 
cording/reproducing apparatus where an asymme- 
try correcting circuit of the present invention is em- 
ployed; 

10 Fig. 2 is a circuit diagram showing a concrete stmc- 
tural example of the asymmetry correcting circuit of 
the present invention; and 
Fig. 3 graphically plots the waveform of operation 
obsen/ed at principal points in the asymmetry cor- 

is reeling circuit of the present invention shown in F^. 
2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

20 

[0045] Fig. 1 is a block diagram showing a pretended 
embodiment of an optbal disk apparatus whbh repre- 
sents a recording/reproducing apparatus using the 
asymmetry connecting circuit of the present invention. 

25 [0046] As shown in Fig. 1 , the optical disk apparatus 
includes, as main component elements thereof, an op- 
tical pick 1 serving as an optical read means, an RF am- 
plifier 2, an automatic gain controller (AGC) 3, an equal- 
izer 4, a capacitor 5 serving as an AC (alternating cur- 

30 rent) connection means, an asymmetry correcting cir- 
cuit 6, an ADC (analog-to-dlgital converter) 7, a digital- 
to-analog converter (hereinafter referred to as DAC) 8 
as a feedback circuit, a register 9, a bias voltage source 
1 0 for the ADC, a data processing circuit 1 1 , and a PLL 

35 circuit 12. 

[0047] In this diagram, DK denotes an optteal disk 
which is an optteal recording medium. 
[0048] In these component elements, for example, 
the AGC 3, tiie equalizer (equalizing circuit) 4, the ca- 

40 pacitor 5, the asymmetry correcting circuit 6, the ADC 
7, the DAC 8, the register 9 and the bias voltage source 
10 are integrated to constitute a single chip IC. 
[0049] The optical pk:kup 1 irradiates a laser beam to 
a desired position of the optk^al disk DK to thereby read 

45 out the recorded inf omriatlon , then converts the informa- 
tion into an electric signal, and outputs the read signal 
SI to the RF amplifier 2. 

[0050] The RF amplifier 2 executes a process of am- 
plifying the read signal SI obtained from the optical pick- 

50 up 1 , and outputs the processed read signal S2 to the 
AGC 3 via the AC-coupling capacitor CI . 
[0051] The AGC 3 controls, in accordance with the 
stored infomnation In the register 9 for example, the am- 
plitude of the AC-coupled read signal S2 from whtoh the 

S5 DC component thereof has been removed through the 
capacitor CI , and then outputs the controlled read sig- 
nal S3 to the equalizer 4. 

P052] The equalizer 4 executes a predetermined 
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process of equalizing the read signal S3 while eliminat- 
ing any high frequency noise therefronn, and then out- 
puts the processed read signal S4. 
[0053] The capacitor 5 removes the DC component 
of the read signal S4 obtained from the equalizer 4, and 
supplies the AC component thereof as a read signal S5 
to both the asymmetry correcting circuit 6 and the ADC 
1. 

[0054] In response to the read signal S5 and a bias 
voltage VI 0 supplied from the bias voltage source 10, 
the asymmetry confecting circuit 6 shifts the median 
VRC of the quantization reference voltage of the ADC 
6 DC-wise in accordance with the offset generated due 
to the asymmetry of the read signal S5, and controls the 
upper limit VRT and the lower limit VRC of the quanti- 
zation reference voltage in accordance with the detect- 
ed offset quantity, thereby correcting (compensating) 
the asymmetry of the input signal at the time of quanti- 
zation. 

[0055] In other words, the asymmetry connecting cir- 
cuit 6 conrects, at the time of quantization, the vertically 
asymmetric distortion of the input signal wavefomi in the 
ADC 7, 

[0056] Fig. 2 is a circuit diagram showing a concrete 
structural example of the asymmetry connecting circuit 6 
of the present invention. 

[0057] In this circuit, an explanation will be given on 
an assumption that the read signal is a differential sig- 
nal. 

[0058] It is supposed here that the circuit is used in a 
DVR system. In this DVR system, there are data of two 
values on each of the upper and lower sides (four values 
of ±1 and ±2 in total) with regard to the median VRC of 
the quantization reference voltage of the ADC 7, where- 
in the ±1 levels are not changed substantially by the 
asymmetry while the ±2 levels are affected much. 
[0059] As shown in Fig. 2, the asymmetry correcting 
circuit 6 includes a first envelope detection circuit 61 , a 
second envelope detection circuit 62, an adding circuit 
63, a smoothing circuit 64, a multiplying circuit 65, and 
a quantization reference voltage control circuit 66. 
[0080] The first envelope detection circuit 61 func- 
tions in response to a bias voltage received from a bias 
voltage source 1 0 via a resistance element R1 0, and 
detects the envelope of a positive peak of a read signal 
waveform (input signal waveform) from which the DC 
component thereof has been removed through a capac- 
itor 5a, and then outputs the detected envelope as a sig- 
nal S61 to the adding circuit 63. 
[0061 ] The second envelope detection circuit 62 func- 
tions in response to a bias voltage received from the bias 
voltage source 1 0 via a resistance element R1 1 , and de- 
tects the envelope of a negative peak of tiie read signal 
waveform (input signal waveform) from which the DC 
component thereof has been removed through a capac- 
itor 5b, and then outputs the detected envelope as a sig- 
nal S62 to the adding circuit 63. 
[0062] The adding circuit 63 produces a sum voltage 



of the positive peak voltage obtained from the first en- 
velope detection circuit 61 and the negative peak volt- 
age obtained from the second envelope detection circuit 
62 (actually the difference between the detected peak 

5 voltages, as shown in Fig. 2), and then outputs the sum 
voltage as a signal S63 to the smoothing circuit 64. 
[0063] The smoothing circuit 64 smooths the sum 
voltage S63 obtained from the adding circuit 63, and out- 
puts the smoothed sum voltage as a signal S64 to the 

'0 multiplying circuit 65. 

[0O84] As shown in Fig. 2 for example, the smoothing 
circuit 64 includes a low pass filter LPF whk:h is com- 
posed of a resistance element R64 and a capacitor C64. 
and smooths the sum voltage by removing the high-fre- 

f5 quency component superposed on the sum voltage. 
[0065] The constant of the LPF is set to an adequate 
value adapted for operating the asymmetry con-ecting 
circuit at a desired speed. 

[0066] The multiplying circuit 65 multiplies the sum 

^ voltage, whbh has been smoothed In the smoothing cir- 
cuit 64, by a predetermined offset adjustment coefficient 
OFSTGAIN, and then outputs the result as differential 
signals S65a and S65b to the quantization reference 
voltage control circuit 66. 

25 [0067] As shown in Fig. 2 for example, the multiplying 
circuit 65 includes a gm amplifier 651 , a resistance ele- 
ment R651 connected between a first output of the gm 
amplifier 651 and a supply line of a power source voltage 
VDD, and a resistance element R652 connected be- 

30 tween a second output of the gm amplifier 651 and the 
power source voltage VDD. In the gm amplifier 651 , its 
mutual conductance gm is adjusted in response to the 
offset adjustment coefficient OFSTGAIN supplied from 
the register 9 for example, and then the gm amplifier 

35 651 outputs the differential signals S65a and S65b 
based on the mutual conductance gm corresponding to 
the adjustment value. 

[0068] The offset adjustment coeffbient OFSTGAIN 
is set to an optimal value in relation to the offset quantity 

^ and the difference voltage between the positive and 
negative peak values. In this embodiment, this coeffi- 
cient is set normally In a range of 0.2 to 0.3 for example. 
[0069] This coefficient OFSTGAIN is controllable by 
a serial control register, an extemal temnlnal voltage or 
tiie like, and is settable to a desired value. 
[0070] As will be described later, the differential sig- 
nals S65a and S65b outputted from the multiplying cir- 
cuit 65 are so corrected as to cancel out the error with 
respect to a desired expected value, by the analog cor- 

50 rection signal fed back by a feedback gm DAC 8 for neg- 
ative feedback. 

[0071] In response to the bias voltage VI 0 supplied 
from the bias voltage source 1 0 and the differential sig- 
nals S65a and S65b outputted from the multiplying cir- 
55 cuit 65, the quantization reference voltage control circuit 
66 shifts the median VRC of the quantization reference 
voltage of the ADC 7 DC-wise in accordance with the 
offset generated due to the asymmetry of the read signal 
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(input signal), and controls the upper limit VRT and the 
lower limit VRB of the quantization reference voltage in 
accordance with the detected offset quantity. 
[0072] As shown in Fig. 2 for example, the quantiza- 
tion reference voltage control circuit 66 includes a first 
adjusting circuit 661, a second adjusting circuit 662, a 
third adjusting circuit 663, a quantization reference volt- 
age generating circuit 664, and voltage followers 665, 
666 and 667. 

[0073] The first adjusting circuit 661 subtracts the out- 
put differential signals S65a and S65b from the input bi- 
as voltage VI 0 supplied to the ADC 7, then shifts a zero 
reference voltage, which corresponds to the median 
VRC of the quantization reference voltage of the ADC 
7, DC-wise in such a manner as to attain a coincidence 
with the zero crossing point of the read signal (input sig- 
nal), and generates the upper limit of the quantization 
reference voltage on the basis of the result. 
[0074] More specifically, as shown in Fig. 2 for exam- 
ple, the first adjusting circuit 661 includes a gm amplifier 
6611 which is supplied with the output differential sig- 
nals S65a and S65b of the multiplying circuit 65 at its 
differential input tenninals and then amplifies the signals 
on the basis of a predetermined mutual conductance 
gm; an operational amplifier 66 12 which is supplied with 
the first output of the gm amplifier 661 1 at its non-invert- 
ing input terminal (+), and also supplied wrtii the bias 
voltage VI 0 from the bias voltage source 10 via a re- 
sistance element R6611, and further supplied with the 
first output of the gm amplifier 6611 at its non-inverting 
terminal (-), wherein the output of the amplifier 6612 is 
fed back via a resistance element R6612; and an oper- 
ational amplifier 6613 which is supplied with the output 
signal of the operational amplifier 6612 at its non-invert- 
ing input temnlnal (+), and generates the upper limit volt- 
age of the quantization reference voltage while the me- 
dian of the quantization reference voltage generated In 
the quantization reference voltage generating circuit 
664 Is fed back thereto. 

[0075] The second adjusting circuit 662 adjusts the 
upper limit VRT of the quantization reference voltage on 
the basis of the first adjustment quantity obtained 
through multiplication of the output differential signals 
S65a and S65b of the multiplying circuit 65 by a coeffi- 
cient ASYMGT conforming with the correlation between 
the offset quantity of the read signal (input signal) and 
the asymmetric distortion quantity thereof, and then 
supplies the adjusted upper llmrt VRT to the ADC 7. 
[0078] More specifically, as shown in Fig. 2 for exam- 
ple, the second adjusting circuit 662 includes a gm am- 
plifier 6621 which is supplied with the output differential 
signals S65a and S65b of the multiplying circuit 65 at its 
differential input terminals, then amplifies the signals on 
the basis of the mutual conductance gm adjusted by the 
coefficient ASYMGT supplied thereto, and outputs a first 
differential adjustment signal; and an operational ampli- 
fier 6622 which is supplied with the first output of the gm 
amplifier 6621 at its non-inverting input terminal (+), and 



also supplied with the upper limit of the quantization ref- 
erence voltage outputted from the operational amplifier 
661 3 via the resistance element R6621 while the output 
of the amplifier 6622 is fed back to its inverting input 

s terminal (-) via the resistance element R6622, then adds 
the first adjustment signal to the upper limit of the quan- 
tization reference voltage outputted from the operational 
amplifier 6613, and supplies, to tiie ADC 7, the upper 
limit VRT of the quantization reference voltage adjusted 

10 in accordance with the offset quantity. 

[0077] The third adjusting circuit 663 adjusts the lower 
limit VRB of the quantization reference voltage on the 
basis of a second adjustment quantity obtained through 
multiplication of the output differential signals S65a and 

15 S65b of tiie multiplying circuit 65 by a coefficient ASYM- 
GB which confomis with the conflation between the off- 
set quantity of the read signal (input signal) and the 
asymmetric distortion quantity thereof, and then sup- 
plies the adjusted lower limit VRB to the ADC 7. 

20 [0078] More specifically, as shown in Fig. 2 for exam- 
ple, the third adjusting circuit 663 includes a gm amplifier 
6631 which is supplied with the output differential sig- 
nals S65a and S65b of the multiplying circuit 65 at its 
differential input terminals, then amplifies the signals on 

25 the basis of the mutual conductance gm adjusted by the 
coefficient ASYMGB supplied thereto, and outputs a 
second differential adjustment signal; and an operatk>n- 
al amplifier 6632 which is supplied with the first output 
of the gm amplifier 6631 at its non-inverting input termi- 

30 nal (+), and also supplied with the lower limit of the quan- 
tization reference voltage generated in the quantization 
reference voltage generating circuit 664 via a voltage 
follower 665 and a resistance element R6631 , then adds 
the second adjustment signal to the lower limit of the 

35 quantization reference voltage while the output is fed 
back to its inverting input terminal (-) via a resistance 
element R6632, and supplies, to the ADC 7, the lower 
limit VRB of the quantization reference voltage adjusted 
in accordance with the offset quantity. 

40 [0079] In this embodiment, as described above, the 
second adjusting circuit 662 and the third adjusting cir- 
cuit 663 are given independent coefficients ASYMGT 
and ASYMGB respectively. These coefficients ASYM- 
GT and ASYMGB are controllable by a serial control 

45 register, an external temnlnal voltage or the like, and may 
be set to desired values. 

[0080] The quantization reference voltage generating 
circuit 664 includes resistance elements R6641 , R6642, 
R6643, R6644 and a current source 1 664 connected in 

50 series between the output line of the operational ampli- 
fier 6613 in the first adjusting circuit 661 and the refer- 
ence potential (ground potential) GND. 
[0081] The resistance values of the elements R6641 
and R6644 are set to be three times the resistance vai- 

55 ues of the elements R6642 and R6643. 

[0082] The quantization reference voltage generating 
circuit 664 generates an intermediate voltage, which is 
a reference level con'esponding to +1 with respect to the 
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zero reference voltage, at the junction of the resistance 
elements R6641 and R6642, and then supplies the gen- 
erated Intermediate voltage to the voltage follower 666. 
Subsequently the voltage follower 666 supplies, to the 
ADC 7, the intemiediate voltage as a reference voltage 
VFTTM corresponding to +1 . 

[0083] The quantization reference voltage generating 
circuit 664 also generates an intemnediate voltage, 
which is a reference level corresponding to -1 with re- 
spect to the zero reference voltage, at the junction of the 
resistance elements R6643 and R6644, and then sup- 
plies the generated intemiediate voltage to the voltage 
follower 667. Subsequently the voltage follower 667 
supplies, to the ADC 7, the intemnediate voltage as a 
reference voltage VRBM corresponding to -1 . 
[0084] The quantization reference voltage generating 
circuit 664 further generates a lower limit voltage of the 
quantization reference voltage at the junction of the re- 
sistance element R6644 and the current source 1664, 
and then supplies the lower limit voltage to the voltage 
follower 665. 

[0085] The quantization reference voltage generating 
circuit 664 further generates a median voltage of the 
quantization reference voltage at the junction of the re- 
sistance elements R6642 and R6643, and then supplies 
the median voltage to the operational amplifier 6613 in 
the first adjusting circuit 661 . 

[0086] The ADC 7 receives the bias voltage VI 0 via 
the resistance element R1 0, then quantizes the input 
signal on the basis of the quantization reference voltage 
supplied from the quantization reference voltage gener- 
ating circuit 664 in the asymmetry connecting circuit 6 
and, after converting the quantized signal into digital da- 
ta of predetermined bits (e.g., 6 bits), outputs the digital 
data to the data processing circuit 11 shown in Fig. 1 . 
[0087] Subsequently, the data processing circuit 11 
executes, by an equalizer for example, a predetermined 
process of equalization with regard to the digital data 
obtained from the ADC 7, and then decodes the data by 
a Viterbi decoder. 

[0088] The data processing circuit 11 detects, after 
the PLL circuit 12 has been phase-locked, the offset er- 
ror to at least the desired expected value on the basis 
of the digital data, and then outputs, to the DAC 8, a 
correction signal for canceling out the detected error. 
[0089] The PLL circuit 12 generates, through its 
phase-locked loop, a clock signal CLK synchronized 
with the output data of the equalizer in the data process- 
ing circuit 11 , and then supplies the clock signal CLK as 
sampling clock pulses to the ADC 7 or as timing clock 
pulses to the equalizer In the data processing circuit 11 . 
[0090] Next, the operation performed in the above 
structure will be described below. 
[0091] First, a laser beam emitted from the optical 
pickup 1 is irradiated to a desired position on the optk:al 
disk DK, so that the recorded Infomnation is read out 
therefrom. The optk^al signal thus read out Is converted 
into an electric signal and then is outputted as a read 



signal SI to the.RF amplifier 2. 
[0092] In the RF amplifier 2, the read signal SI ob- 
tained from the optteal pickup 1 1s amplified and so forth, 
and then the amplified read signal S2 is inputted to the 
5 AGC 3 via the AC coupling capacitor 01 . 

[0093] In the AGC 3. the amplitude of the AC-coupled 
read signal 82 after removal of its DC component 
through the capacitor CI is adjusted, and the adjusted 
signal is outputted as a read signal S3 to the equalizer 4. 
10 [0094] In the equalizer 4, a predetermined process of 
equalization is executed with regard to the read signal 
S3 while any high-frequency noise is eliminated there- 
from, and then the result is outputted as a read signal 
S4. 

[0095] The DC component of the read signal 34 out- 
putted from the equalizer 4 is removed through the ca- 
pacitors 5a and 5b, and then the AC component thereof 
is supplied as read signals S5a and S5b to the asym- 
metry correcting circuit 6 and the ADC 7. 
[0096] The read signal S5a supplied to the asymmetry 
correcting circuit is Inputted to the first envelope detec- 
tion circuit 61 , while the read signal S5b is inputted to 
the second envelope detection circuit 62. 
[0097] In the first envelope detection circuit 61 , the bi- 
as voltage Is supplied thereto from the bias voltage 
source 1 0 via the resistance element R1 0 and, after re- 
moval of the DC component through the capacitor 5a, 
the positive peak envelope of the read signal waveform 
is detected and then Is outputted as a signal S61 to the 
adding circuit 63. 

[0098] In the second envelope detection circuit 62, the 
bias voltage is supplied thereto from the bias voltage 
source 10 via the resistance element R11 and, after re- 
moval of the DC component through the capacitor 5b, 
the negative peak envelope of the read signal waveform 
is detected and then is outputted as a signal S62 to the 
adding circuit 63. 

[0099] In the adding circuit 63, a sum voltage is gen- 
erated by adding the positive peak voltage obtained 
from the first envelope detection circuit 61 and the neg- 
ative peak voltage from the second envelope detection 
circuit 62, and then the sum voltage is outputted as a 
signal S63 to the smoothing circuit 64. 
[01 00] In the smoothing circuit 64, the sum voltage ob- 
tained from the adding circuit 63 is smoothed and then 
is outputted as a signal S64 to the multiplying circuit 65. 
[01 01 ] To cancel the asymmetric dlstortk>n of the sig- 
nal and to render the PLL circuit 12 lockable. a process 
is executed first for attaining a coincidence of the original 
zero crossing point of the input signal (read signal) with 
the zero reference voltage VRC of the ADC 7. 
[01 02] More specifically, the output signal S54 of the 
smoothing circuit 65 Is multiplied by a desired coefficient 
OFSTGAIN In the multiplying circuit 65, and the differ- 
ential signals S65a and S65b thereof are supplied to the 
quantization reference voltage control circuit 66. 
[0103] In the quantization reference voltage control 
circuit 66 supplied with the differential signals S65a and 
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S65b produced through multiplication by the coefficient 
OFSTGAIN, the output signal of the multiplying circuit 
65 is subtracted from the bias voltage VI 0 of the ADC 
7. so that the zero reference voltage VRC of the ADC 7 
is adjusted. 

[0104] In the stmcture of Fig. 2, feedback is applied 
by the operational amplifier 6613 of the first adjusting 
circuit 661 In such a manner as to attain a coincidence 
of the zero reference voltage VRC with the bias voltage 
VI 0 of the ADC 7, wherein the offset is adjusted by the 
adding circuit which includes the gm amplifier 6611 and 
the operational amplifier 6612. 
[0105] In the first adjusting circuit 661 , the upper limit 
of the quantization reference voltage is generated by the 
operational amplifier 6613, and then is supplied to the 
second adjusting circuit 662 and the quantization refer- 
ence voltage generating circuit 664. 
[01 06] I n the quantization reference voltage generat- 
ing circuit 664, an intermediate voltage, which is a ref- 
erence level corresponding to +1 with respect to the ze- 
ro reference voltage, is generated at the junction of the 
resistance elements R6641 and R6642, and the inter- 
mediate voltage is supplied as a reference voltage 
VRTM con^esponding to +1 in the VRC system, to the 
ADC 7 via the voltage follower 666. 
[01 07] Also in the quantization reference voltage gen- 
erating circuit 664, an intemriediate voltage, which Is a 
reference level corresponding to -1 with respect to the 
zero reference voltage, is generated at the Junction of 
the resistance elements R6643 and R6644, and then Is 
supplied via the voltage follower 667 to the ADC 7 as a 
reference voltage VRBM corresponding to -1 . 
[0108] The DVR system has four signal levels of ±1 
and ±2 after equalization and sampling of the read sig- 
nal, but at ±1 levels, the offset-corrected signal Is not 
affected substantially by the asymmetry. 
[0109] Therefore, the reference voltages VRTM and 
VRTTB are kept fixed to the zero reference voltage. 
[01 10] I n the quantization reference voltage generat- 
ing circuit 664, a lower limit voltage of the quantization 
reference voltage is generated at the junction of the re- 
sistance element R6644 and the current source 1664, 
and then Is supplied to the third adjusting circuit 663 via 
the voltage follower 665. 

[0111] Further in the quantization reference voltage 
generating circuit 664, a median voltage of the quanti- 
zation reference voltage is generated at the junction of 
the resistance elements R6642 and R6643, and then is 
supplied to the operational amplifier 661 3 in the first ad- 
justing circuit 661. 

[0112] In the second adjusting circuit 662, the output 
differential signals S65a and S65b of the multiplying cir- 
cuit 65 are multiplied by the coefficient ASYMGT con- 
fomning with the correlation between the offset quantity 
of the read signal (input signal) and the asymmetric dis- 
tortion quantity thereof, whereby a first adjustment 
quantity is produced, then the upper limit VRT of the 
quantization reference voltage is adjusted on the t>asis 



of the first adjustment quantity, and the adjusted upper 
limit VRT is supplied to tiie ADC 7. 
[0113] In the third adjusting circuit 663, the output dif- 
ferential signals S65a and S65b of the multiplying circuit 

5 65 are multiplied by the coefficient ASYMGB conforming 
with the correlation between the offset quantity of the 
read signal (input signal) and the asymmetnc distortion 
quantity thereof, whereby a second adjustment quantity 
is produced, then the lower limit VRB of the quantization 

10 reference voltage is adjusted on the basis of the second 
adjustment quantity, and the adjusted tower limit VRB Is 
supplied to the ADC 7. 

[01 1 4] In the ADC 7 where the bias voltage V1 0 is ap- 
plied via the resistance element R1 0, the input signal is 

IS quantized In accordance with the quantizatk>n reference 
voltage supplied from the quantization reference volt- 
age generating circuit 664 in the asymmetry con-ec^ing 
circuit 6, then the signal is converted into digital data of 
predetemnined bits (e.g., 6 bits), and the digital data is 

20 outputted to the data processing circuit 11 . 

[0115] In the data processing circuit 11, a predeter- 
mined process of equalization is executed by, e.g., an 
equalizer with regard to the digital data obtained from 
the ADC 7, and then the data after such equalization is 

25 decoded by a Viterbl decoder. 

[0116] In addition, in the data processing circuit 11, 
after the PLL circuit 12 has been phase-locked, the off- 
set error and the asymmetry error relative to at least a 
desired expected value are detected on the basis of the 

30 digital data, and correction signals for canceling out 
such en'ors are outputted to the DAC 8. 
[01 1 7] Thus, a process of canceling out the detected 
errors is executed in the multiplying circuit 65, and then 
the differential signals are supplied therefrom to the 

35 quantization reference voltage generating circuit 664. 
[01 1 8] Consequently, the offset and the asymmetry of 
the input signal are corrected with high precision. 
[01 19] Fig. 3 graphically plots the waveform of oper- 
ation observed at principal points in the asymmetry cor- 

^ recting circuit of the present invention shown in Fig. 2. 
[0120] As obvious from Fig. 3, the upper limit value 
VRT, the positive intermediate value VRTM, the nega- 
tive intemriediate value VRBM and the lower limit value 
VRB of the quantization reference voltage are corrected 

^ satisfactorily in conformity with offset quantity detected 
from the read signals S5a and S5b. 
[0121] According to this embodiment, as described 
above, there is provided an improved asymmetry cor- 
recting circuit which includes a first envelope detection 

so circuit 61 for detecting the envelope of a positive peak 
of the input signal wavefonm; a second envelope detec- 
tion circuit 62 for detecting the envelope of a negative 
peak of the input signal wavefomn; an adding circuit 63 
for producing a sum voltage of the positive peak voltage 

55 obtained from the first envelope detection circuit 61 and 
the negative peak voltage obtained from the second en- 
velope detection circuit 62; a smoothing circuit 64 for 
smoothing the sum voltage obtained from the adding cir- 
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cuit 63; a multiplying circuit 65 for muttiptying the sum 
voltage, which has been smoothed In the smoothing cir- 
cuit 64, by a predetemnined offset adjustment coeffi- 
cient; and a quantization reference voltage control cir- 
cuit 66 for DC-wise shifting, in response to the output 
signal of the multiplying circuit 65, the median of the 
quantization reference voltage of the ADC 7 in conform- 
ity with the offset derived from the asymmetry of the in- 
put signal, and controlling the upper limit and the lower 
limit of the quantization reference voltage to the values 
that correspond to the offset quantity. Therefore, when 
the read signal is processed in the digital recording/re- 
producing apparatus, the quantization reference level of 
the ADC for digitizing the input signal can be changed 
asymmetrically in accordancewlth the asymmetry of the 
Input waveform. Consequently, the asymmetry can be 
canceled simultaneously with the quantization, and the 
dynamic range of the ADC can be utilized effectively. 
[0122] Since the control points are minimized to two 
points, it becomes possible to reduce the circuit scale 
as well. In the DVR system, a cyclic pattem including 
the run lengths of 2T3T5r may be written previously in 
the top portion of the data on the f omnat, and the asym- 
metry quantity can be detected in the cyclic pattem. 
[0123] In the initial training period, both the asymme- 
try and the offset of the quantized data can be canceled 
almost completely by the feed forward action, so that 
satisfactory pull-in for synchronism is rendered achiev- 
able in the PLL action. 

[0124] After the PLL has been phase-locked, the er- 
rors are detected with high precision by processing the 
digital signal in the following stage, and negative feed- 
back is applied by the feedback gm DAC and the resistor 
to consequently realize further exact correction of the 
offset and the asymmetry. 

[0125] In this embodiment, there are four points for 
driving the ADC reference voltage. However, It Is also 
possible to increase the number of such driving points 
to thereby enable setting of any desired input-output 
characteristrcs of the ADC. 

[0126] As explained hereinabove, according to the 
present invention where correctk>n of the asymmetry is 
perfomned fundamentally through feed-forward, a fast 
operation can be ensured and, due to the nonnecessity 
of the digital signal processing, the PLL need not be 
phase-locked and therefore the operation is not affected 
by the PLL action. 

[0127] Moreover, the dynamte range of the ADC can 
be utilized effectively by changing the upper limit VRT 
and the lower limit of the reference voltage thereof, so 
that it becomes possible to diminish the number of bits. 
In addition, since the asymmetry is corrected at the time 
of quantization in the ADC, the necessity of applying a 
load to the following digital signal processing stage can 
be eliminated to thereby reduce the circuit scale and the 
power consumption. 

[0128] It is further possible to attain effective connec- 
tion of such an asymmetry that the ±1 levels generated 



in the DVR system are not varied substantially while only 
the ±2 levels are affected much to cause a vertk^lly 
asymmetric distortion. 

[0129] While a preferred embodiment of the present 
5 invention has been described using specifto terms, such 
description is for illustrative purposes only, and it Is to 
be understood that changes and variations may be 
made without departing from the spirit of the following 
claims. 

10 

Claims 

1 . An asymmetry correcting circuit for correcting a ver- 
is tically asymmetric distortion of an Inputsignal wave- 
fomn in an analog-to-digital converter (7) which 
quantizes the input signal wavefomn in accordance 
with a quantization reference voltage and converts 
the quantized waveform into a digital signal of pre- 
20 determined bits, said asymmetry correcting circuit 
comprising: 



a first envelope detection circuit (61) for detect- 
ing the envelope of a positive peak of the input 
signal waveform; 

a second envelope detection circuit (62) for de- 
tecting the envelope of a negative peak of the 
input signal waveform; 

an adding circuit (63) for outputting a sum volt- 
age of the positive peak voltage obtained from 
said first envelope detection circuit and the 
negative peak voltage obtained from said sec- 
ond envelope detection circuit; 
a multiplying circuit (65) for multiplying the sum 
voltage, which is outputted from said adding cir- 
cuit (63), by a predetermined offset adjustment 
coefficient; and 

a quantization reference voltage control circuit 
(66) for shifting, in response to the output signal 
of said multiplying circuit (65), the median of the 
quantization reference voltage of said analog- 
to-digital converter (7) DC-wise In conformity 
with the offset derived from the asymmetry of 
the input signal, and controlling the upper limit 
and the lower limit of the quantization reference 
voltage to the values that correspond to the off- 
set quantity. 
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An asymmetry correcting circuit according to claim 
1 , further comprising: 

a smoothing circuit (64)for smoothing the sum 
voltage obtained from said adding circuit, said 
multiplying circuit (65) multiplying the 
smoothed sum voltage, which is obtained from 
said smoothing circuit, by the predetemiined 
offset adjustment coefficient. 
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3. An asymmetry correcting circuit according to claim 
1 or 2, wherein a predetermined bias voltage is sup- 
plied to said analog-to-dlgitat converter (7), and said 
quantization reference voltage control circuit (66) 
comprises: s 

a first adjusting circuit (661) for subtracting the 
output signal of said multiplying circuit (65) from 
the input bias voltage supplied to said analog- 
to-digital converter (7) and DC-wise shifting a io 
zero reference voltage, which is the median of 
the quantization reference voltage of said ana- 
log-to-digital converter, in such a manner that 
the zero reference voltage coincides with the 
zero crossing point of the input signal; is 
a second adjusting circuit (662) for adjusting 
the upper limit of the quantization reference 
voltage on the basis of a first adjustment quan- 
tity obtained through multiplication of the output 
signal of said multiplying circuit (65) by a coef- 20 
ficient conforming with the conrelation between 
the offset quantity of the input signal and the 
asymmetric distortion quantity thereof; and 
a third adjusting circuit (663) for adjusting the 
lower limit of the quantization reference voltage 25 
on the basis of a second adjustment quantity 
obtained through multiplication of the output 
signal of said multiplying circuit by a coefficient 
conf omriing with the correlation between the off- 
set quantity of the input signal and the asym- 30 
metric distortion quantity thereof. 

4. An asymmetry correcting circuit according to claim 
3, wherein said second adjusting circuit (662) and 
third adjusting circuit (663) are given independent 3s 
coefficients respectively. 

5. An asymmetry correcting circuit according to claim 
1 or 2, further comprising: 

40 

a digital processing circuit (11) for detecting the 
offset error with regard to at least a desired ex- 
pected value on the basts of digital data ob- 
tained from said analog-to-dlgital converter (7), 
and outputting a correction signal for canceling ^ 
out the detected error; and 
a negative feedbacic circuit (8) for applying, to 
said multiplying circuit (65), negative feedback 
of an analog signal corresponding to the cor- 
rection signal obtained from said digital so 
processing circuit. 

6. An asymmetry correcting circuit according to claim 
3, further comprising: 

55 

a digital processing circuit (1 1 ) for detecting the 
offset en'or with regard to at least a desired ex- 
pected value on the basis of digital data ob- 



tained from said analog-to-dlgital converter (7), 
and outputting a conrectlon signal for canceling 
out the detected error; and 
a negative feedback circuit (8) for applying, to 
said multiplying circuit (65), negative feedback 
of an analog signal corresponding to the cor- 
rectbn signal obtained from said digital 
processing circuit. 

\ An asymmetry correcting circuit according to claim 
1 or 2, further comprising an AC connectbn means 
(5a, 5b) capable of removing the DC component of 
said input signal, then passing the AC component 
thereof, and inputting the AC component to said an- 
alog-to-digital converter (7), first envelope detection 
circuit (61) and second envelope detection circuit 
(62). 

I. An information reproducing apparatus for reproduc- 
ing, as digital data, information recorded optbally 
on an optk:al recording medium (DK), comprising: 

an optcal reading means (1) for optbally read- 
ing, from said optk:al recording medium, a sig- 
nal corresponding to the recorded information; 
an analog-to-digital converter (7) for quantizing 
the read signal waveform, whteh is obtained 
from said optical reading means (1), in accord- 
ance with a quantization reference voltage 
whose at least upper and lower limits are set- 
table to desired values, and converting the 
quantized wavefomi into a digital signal of pre- 
detemnined bits; and 

an asymmetry conBCting circuit (6) including: 

a first envelope detection circuit (61 ) for de- 
tecting the envelope of a positive peak of 
said read signal waveform; 
a second envelope detection circuit (62) for 
detecting the envelope of a negative peak 
of said read signal waveform; 
an adding circuit (63) for outputting a sum 
voltage of the positive peak voltage ob- 
tained from said first envelope detection 
circuit and the negative peak voltage ob- 
tained from said second envelope detec- 
tion circuit; 

a multiplying circuit (65) for multiplying the 
sum voltage, which is outputted from said 
adding circuit, by a predetemilned offset 
adjustment coefficient; and 
a quantization reference voltage control 
circuit (66) for shifting, in response to the 
output signal of said multiplying circuit (65), 
the median of the quantization reference 
voltage of said analog-to-digltal converter 
(7) DC-wise in conformity with the offset 
derived from the asymmetry of the read 
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signal, and controlling the upper limit and 
the lower limit of the quantization reference 
voltage to the values that correspond to the 
offset quantity; 

5 

wherein said asymmetry conrecting circuit (6) 
is capable of correcting a vertically asymmetric dis- 
tortion of the read signal waveform In said analog- 
to-digital converter (7). 

10 

9. An infomiation reproducing apparatus according to 
claim 8, wherein said asymmetry correcting circuit 
(6) further comprises : 

a smoothing circuit (64) for smoothing the sum ^5 
voltage obtained from said adding circuit, said 
multiplying circuit (65) multiplying the 
smoothed sum voltage, which is outputted from 
said smoothing circuit, by the predetemnined 
offset adjustment coefficient. 20 

10. An information reproducing apparatus according to 
claim 8 or 9, wherein a predetermined bias voltage 
is supplied to said analog-to-digital converter (7), 
and said quantization reference voltage control dr- 25 
cult (66) comprises: 

a first adjusting circuit (661) for subtracting the 
output signal of said multiplying circuit (65) from 
the Input bias voltage supplied to said analog- 30 
to-digital converter (7) and DC-wise shifting a 
zero reference voltage, which is the median of 
the quantization reference voltage of said ana- 
log-to-dlgital converter, in such a manner that 
the zero reference voltage coincides with the 35 
zero crossing point of the read signal; 
a second adjusting circuit (662) for adjusting 
the upper limit of the quantization reference 
voltage on the basis of a first adjustment quan- 
tity obtained through multiplication of the output 40 
signal of said multiplying circuit (65) by a coef- 
ficient conforming with the correlation between 
the offset quantity of the read signal and the 
asymmetric distortion quantity thereof; and 
a third adjusting circuit (663) for adjusting the 45 
lower limit of the quantization reference voltage 
on the basis of a second adjustment quantity 
obtained through multiplication of the output 
signal of said multiplying circuit (65) by a coef- 
ficient conforming with the conrelatlon between so 
the offset quantity of the read signal and the 
asymmetric distortion quantity thereof. 

11. An infomiation reproducing apparatus according to 
claim 10, wherein said second adjusting circuit 55 
(662) and third adjusting circuit (663) are given in- 
dependent coefficients respectively. 



12. An information reproducing apparatus according to 
daim 8 or 9, further comprising: 

a digital processing circuit (1 1 ) for detecting the 
offset error with regard to at least a desired ex- 
pected value on the basis of digital data ob- 
tained from said analog-to-digital converter 
(7) , and outputting a con-ection signal for can- 
celing out the detected error; and 
a negative feedback drcuit (8) for applying, to 
said multiplying circuit (65), negative feedback 
of an analog signal con-esponding to the cor- 
rection signal obtained from said digital 
processing circuit. 

13. An infomnation reproducing apparatus according to 
claim 1 0, further comprising: 

a digital processing circuit (11) for detecting the 
offset error with regard to at least a desired ex- 
pected value on the basis of digital data ob- 
tained from said analog-to-digital converter (7), 
and outputting a con-ection signal for canceling 
out the detected error; and 
a negathve feedback drcuit (8) for applying, to 
said multiplying circuit (65). negative feedback 
of an analog signal conresponding to the cor- 
rection signal obtained from said digital 
processing circuit. 

14. An infomiation reproducing apparatus according to 
claim 8 or 9, further comprising an AC connection 
means (5a, 5b) capable of removing the DC com- 
ponent of said read signal, then passing the AC 
component thereof, and inputting the AC compo- 
nent to said analog-to-digital converter (7), first en- 
velope detectton drcuit (61) and second envelope 
detection drcuit (62). 

15. An information reprodudng apparatus according to 
daim 1 0, further comprising: 

an equalizing circuit (4) for executing a prede- 
temiined process of equalization to the read 
signal; and 

an AC connection means (5) capable of remov- 
ing the DC component of the read signal out- 
putted from said equalizing drcuit, then pass- 
ing the AC component of said read signal, and 
inputting the AC component to said analog-to- 
digital converter (7), first envelope detection 
drcuit (61) and second envelope detedion cir- 
cuit (62). 
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